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Introduction

rthopaedic evaluation of hip pain in the young adult

population has undergone a rapid evolution over

the past decade™. This is in large part due to en-
hanced awareness of structural hip disorders, including de-
velopmental dysplasia of the hip and femoroacetabular
impingement'®. Surgical treatment for these disorders con-
tinues to be refined®’, and our ability to identify patients
along the spectrum of disease continues to improve'*"”. Yet,
despite our advances, obtaining an accurate diagnosis can re-
main challenging, especially in the setting of mild structural
abnormalities. Therefore, radiographic examination is a crit-
ical component of the diagnostic evaluation and treatment
decision-making process. It is essential that physicians have
common and reliable radiographic views as well as parame-
ters for plain radiographic assessment that can serve as a
foundation for accurate diagnosis, disease classification, and
surgical decision-making.

Many different radiographic measurements have been
described as indicators of structural disease. In particular,
measurements such as the lateral center-edge angle of
Wiberg'", the anterior center-edge angle of Lequesne”, the ac-
etabular index of depth to width described by Heyman and
Herndon®, the femoral head extrusion index”, and the Tén-
nis angle® have been used as markers for acetabular dysplasia.
Similarly, measurements of acetabular version®, the head-
neck offset (initially described by Eijer)*”, and the alpha
angle” have been used in the diagnosis of femoroacetabular
impingement. Nevertheless, there is limited literature that
provides comprehensive information regarding the details of
radiographic evaluation in the young patient with hip symp-

toms. This paper summarizes the recommendations of the
ANCHOR (Academic Network for Conservational Hip Out-
comes Research) study group regarding the most important
aspects of radiographic technique and image interpretation
to evaluate the symptomatic, skeletally mature hip.

Radiographic Techniques
In order to fully evaluate patients who present with a com-
plaint of hip pain, the following radiographic views can be
considered: an anteroposterior view of the pelvis (anteropos-
terior pelvic view)*"”, a cross-table lateral view”, a 45° or 90°
Dunn view™*, a frog-leg lateral view™, and a false-profile
view'” (Figs. 1-A through 1-F). Each radiographic view pro-
vides discrete information regarding the structural anatomy of
the hip, and individual physicians will have distinct prefer-
ences for the views obtained. Image quality is highly tech-
nique-dependent, and variability in patient positioning can
substantially impact the ability to properly diagnose structural
abnormalities. To improve diagnostic accuracy and disease
classification, radiographs must be obtained with use of the
same standardized imaging protocol. The following section
will address the proper technique for obtaining each of the
noted views.

Anteroposterior Pelvic View

The anteroposterior pelvic radiograph should be made with
the patient supine on the x-ray table with both lower extremi-
ties oriented in 15° of internal rotation in order to maximize
the length of the femoral neck (Figs. 2-A and 2-B). The x-ray
tube-to-film distance should be 120 ¢cm, with the tube ori-
ented perpendicular to the table. The crosshairs of the beam
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Fig. 1-A

Figs. 1-A through 1-F Radiographic views: anteroposterior pelvic (Fig. 1-A), cross-table lateral (Fig.
1-B), 45° Dunn (Fig. 1-C), 90° Dunn (Fig. 1-D), frog-leg lateral (Fig. 1-E), and false profile (Fig. 1-F).

should be centered on the point midway between the superior
border of the pubic symphysis and a line drawn connecting
the anterior superior iliac spines.

Cross-Table Lateral View

The cross-table lateral radiograph” should be made with the
patient supine on the x-ray table with the contralateral hip
and knee flexed beyond 80° and the symptomatic limb inter-
nally rotated 15° to expose the anterolateral surface of the
femoral head-neck junction. The x-ray beam should be paral-
lel to the table and oriented at a 45° angle to the symptomatic
limb, with the crosshairs directed at the center of the femoral
head. Depending on the size of the patient, filters may be re-
quired to limit the effect of excess soft tissue on the final image
quality (Fig. 3).

45° or 90° Dunn View

The 90° Dunn radiograph is made with the patient supine on
the x-ray table. The symptomatic hip is flexed 90° and ab-
ducted 20° while being maintained in a position of neutral ro-
tation. The crosshairs of the beam are then directed at a point
midway between the anterior superior iliac spine and the pu-
bic symphysis. The x-ray tube-to-film distance should be ap-
proximately 40 in (102 cm) in a line directed perpendicular to
the table (Figs. 4-A and 4-B). The 45° Dunn view is performed
in a similar fashion, with the only exception being hip flexion
to 45° (Figs. 5-A and 5-B).

Frog-Leg Lateral View

To make a frog-leg lateral radiograph of the hip, the patient
should be positioned supine on the x-ray table with the af-
fected limb flexed at the knee approximately 30° to 40° and the
hip abducted 45°. The heel of the affected limb should rest

Fig. 1-B



49

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG A SYSTEMATIC APPROACH TO THE PLAIN RADIOGRAPHIC
VOLUME 90-A - SUPPLEMENT 4 - 2008 EVALUATION OF THE YOUNG ADULT Hip

Fig. 1-C

Fig. 1-D

against the medial aspect of the contralateral knee (Fig. 6). | False-Profile View

The cassette is placed so that the top of the film rests at the an- | The false-profile radiograph is made with the patient in a
terior superior iliac spine. The crosshairs of the beam are then | standing position with the affected hip against the cassette and
directed at a point midway between the anterior superior iliac | the pelvis rotated 65° in relation to the bucky wall stand (Fig.
spine and the pubic symphysis. Again, the x-ray tube-to-film | 7). The foot on the same side as the affected hip should be po-
distance should be approximately 40 in (102 cm). sitioned so that it is parallel to the cassette. The central beam
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Fig. 1-E Fig. 1-F

is then centered on the femoral head, with a tube-to-film dis- | garding the structural anatomy of the hip. However, every

tance of approximately 40 in (102 cm). radiograph should be carefully scrutinized to ensure that pa-
If the above techniques are followed, the majority of im- tient positioning was appropriate. In particular, tilt and rota-

ages will be of sufficient quality to contribute information re- tion should be routinely assessed during evaluation of an

Fig. 2-B

Figs. 2-A and 2-B The positioning for an anteroposterior pelvic radiograph (ASIS =
Fig. 2-A anterior superior iliac spine).
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Fig. 3
The positioning for a cross-table lateral radiograph with the limb in 15°

of internal rotation. The black arrow points to the center of the femoral
head (black dot), the target for the crosshairs of the x-ray beam.

anteroposterior pelvic radiograph. As seen in Figure 8, the
coccyx should be directly in line with the pubic symphysis,
and the iliac wings, obturator foramina, and radiographic
teardrops should be symmetrical in appearance. Additionally,
if pelvic inclination is appropriate, the distance between the
superior border of the pubic symphysis and the tip of the coc-
cyx should be approximately 1 to 3 cm. Siebenrock et al.”,
who published sex-specific values for pelvic tilt (referencing
the distance between the superior aspect of the symphysis and
the sacrococcygeal junction), noted that an average distance of
32.3 mm was typical in men, as compared with 47.3 mm in
women. However, visualization of the sacrococcygeal junc-
tion can often be difficult, making the tip of the coccyx a more
reliable landmark.

The various lateral views have specific advantages and
disadvantages. For example, the frog-leg lateral view usually
profiles the head-neck junction adequately, yet the greater tro-
chanter can obscure the head-neck anatomy. The cross-table
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Fig. 4-A

Fig. 4-B

Figs. 4-A and 4-B The positioning for a 90° Dunn view with the hips
flexed 90° and abducted 20°. Fig. 4-B The black arrow points to the
crosshairs, centered at a point midway between the pubic symphysis
and the anterior superior iliac spine.

lateral radiograph can be variable in terms of achieving suffi-
cient internal rotation of the limb. Additionally, the greater
trochanter should not be seen to overhang posteriorly, while
visualization of the lesser trochanter indicates sufficient inter-
nal rotation. This projection can also be difficult in large pa-
tients due to obscuration of the osseous landmarks by soft-
tissue radiodensities. These points emphasize the need to at-
tend to the detail of radiographic technique.

Interpretation of Images
E ach of the five radiographic views provides important and
unique information relevant to establishing a final diag-
nosis. In general, the anteroposterior pelvic and false-profile
views provide the most information about acetabular mor-
phology, whereas the lateral and Dunn views highlight patho-
anatomy of the proximal part of the femur. In this section, we
review image interpretation for the anteroposterior pelvic,
cross-table lateral, 45° or 90° Dunn, frog-leg lateral, and false-
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Fig. 5-A

Figs. 5-A and 5-B The positioning for a 45° Dunn view with the hips flexed 45° and
abducted 20°. The x-ray beam is centered at a point midway between the pubic sym-
physis and the anterior superior iliac spine. Fig. 6 The positioning for a frog-leg lateral
view with the hip abducted 45° and the crosshairs centered at a point midway be-
tween the anterior superior iliac spine (black dot) and the pubic symphysis (black
line). Fig. 7 The false-profile view of the right hip is obtained with the pelvis rotated
65° in relationship to the bucky wall stand, with the foot on the affected side parallel
to the radiographic cassette (shown with two black lines).
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Obturator foramina should be
symmetric in appearance

Fig. 8
The technique for assessing the tilt and rotation of an anteroposterior pelvic radiograph is described.

Fig. 9
The radiographic appearance of coxa profunda on an anteroposterior pelvic view. Line A represents the ilioischial line, and line B represents the
floor of the acetabular fossa, which is medial to line A. A similar pathologic condition can also be seen on the radiograph of the patient’s left hip.
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Fig. 10

The radiographic appearance of protrusio acetabuli, with the medial aspect of the femoral head medial to the ilioischial line.

profile radiographs. Specific attention is directed at assessing
various radiographic parameters for each view. Depending on
the radiographic projection, these may include the following
features:

Acetabular Depth

On an anteroposterior pelvic radiograph, the relationship of
the floor of the fossa acetabuli and the femoral head should
be evaluated relative to the ilioischial line. Hips are classified
as coxa profunda if the floor of the fossa acetabuli touches or
is medial to the ilioischial line (Fig. 9), and as protrusio ace-
tabuli if the medial aspect of the femoral head is medial to
the ilioischial line (Fig. 10)°. All hips that do not meet these
criteria can be assigned to a catchall group and classified as
“not deep.”

Acetabular Inclination

Again, on an anteroposterior pelvic view, acetabular inclina-
tion can be classified into three broad groups—normal, in-
creased, or decreased—on the basis of the degree of the
Tonnis angle. The measurement of the Tonnis angle can be
determined by drawing three lines on the anteroposterior
pelvic radiograph: (1) a horizontal line connecting the base
of the acetabular teardrops; (2) a horizontal line parallel to
line 1, running through the most inferior point of the scle-
rotic acetabular sourcil (point I); and (3) a line extending
from point I to a point L at the lateral margin of the acetabu-

lar sourcil (the sclerotic weight-bearing portion of the ace-
tabulum). The Tonnis angle is formed by the intersection of
lines 2 and 3 (Fig. 11-A). It should be noted that the original
description of this measurement™ did not include creation of
line 1; however, our experience has shown that a representa-
tion of the transverse pelvic axis can be created more accu-
rately with use of a line connecting the acetabular teardrops
than with a line drawn perpendicular to the vertical axis of
the sacrum. Nevertheless, acetabula having a Ténnis angle of
0° to 10° are considered normal, whereas those having an an-
gle of >10° or <0° are considered to have increased and de-
creased inclination, respectively. Acetabula with increased
Tonnis angles are subject to structural instability, whereas
those with decreased Ténnis angles are at risk for pincer-
type femoroacetabular impingement.

Other quantitative indicators of structural instability
include the anterior and lateral center-edge angles, both
useful measures of acetabular coverage of the femoral head.
The lateral center-edge angle, or center-edge angle of
Wiberg, is obtained from an anteroposterior pelvic radio-
graph and can be used to assess the superolateral coverage
of the femoral head by the acetabulum®. It is calculated by
measuring the angle between two lines: (1) a line through
the center of the femoral head, perpendicular to the trans-
verse axis of the pelvis, and (2) a line through the center of
the femoral head, passing through the most superolateral
point of the sclerotic weight-bearing zone of the acetabulum
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Figs. 11-A and 11-B Technique for cal-
culation of acetabular inclination and
the lateral center-edge angle. A line is
drawn connecting the inferior aspect of
the left and right-sided acetabular tear-
drops (line 1). A second line, parallel to
the first (line 2), is drawn through the
inferior aspect of the acetabular
sourcil. Lastly, a line connecting the in-
ferior and lateral aspects of the acetab-
ular sourcil is drawn (line 3). The angle
LIN created by the intersection of lines 2
,‘&. & ) and 3 (the Ténnis angle) should be be-
LINE 28nférior Sourcil R tween 0° and 10° (Fig. 11-A). To deter-
b LINE 1 : e mine the lateral center-edge angle, a
line is drawn through the center of the
femoral head, perpendicular to the
transverse axis of the pelvis. A second
line is drawn through the center of the
femoral head, passing through the
most superolateral point of the scle-
rotic weight-bearing zone of the acetab-
ulum. The angle created by the
intersection of these two lines is the
lateral center-edge angle (Fig. 11-B).
Values of <25° may indicate inade-
quate coverage of the femoral head.

Lateral Sourcih

Fig. 11-A

Fig. 11-B
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Fig. 12

Technique for calculating the anterior center-edge
angle on a false-profile radiograph. A vertical line
is drawn through the center of the femoral head. A
second line is drawn through the center of the
femoral head, passing through the most anterior
point of the acetabular sourcil’. The angle created
by the intersection of these two lines is the ante-
rior center-edge angle. Values of <20° can be in-

dicative of structural instability.

Vertical Line
~ through Head
Center

Fig. 13-A
Figs. 13-A and 13-B The radiographic appearance of an anteverted (Fig. 13-A) and retroverted (Fig. 13-B) acetabulum with the
presence of a crossover sign in the latter. The contralateral, unmarked hips demonstrate similar anatomy in both images.
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Fig. 13-B

Fig. 14-B

Fig. 14-A
Figs. 14-A and 14-B Radiographs demonstrating a spherical femoral head (Fig. 14-A) and a femoral head with a Perthes-like deformity (Fig. 14-B). A
Mose template is useful in making this determination in hips with a subtle deformity.
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Fig. 15-A

Fig. 15-B

Figs. 15-A and 15-B An example of a patient with a spherical femoral head noted on an anteroposterior pelvic ra-
diograph (Fig. 15-A) despite a clear head-neck offset deformity on the frog-leg lateral radiograph (Fig. 15-B).
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Fig. 16-A

Fig. 16-B

Figs. 16-A and 16-B These radiographs demonstrate the normal position of the femoral head (Fig. 16-A) as compared with a lateralized femo-
ral head in a patient with a dysplastic hip (Fig. 16-B).
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Fig. 17-A

Fig. 17-B
Fig. 17-A, 17-B, and 17-C These radiographs demonstrate a spectrum
of abnormalities with regard to femoral head-neck offset including: nor-
mal and/or symmetric concavities (Fig. 17-A), moderate reduction in
head-neck offset and/or mild cam impingement (Fig. 17-B), and antero-
lateral head-neck prominence (Fig. 17-C). The arrows highlight regions
of reduced head-neck offset.

(Fig. 11-B). Values of <25° may indicate inadequate cover-
age of the femoral head.

The anterior center-edge angle, or angle of Lequesne, is
created on the false-profile view (Fig. 12). Designed to assess
anterior coverage of the femoral head, it can be calculated by
measuring the angle between a vertical line through the cen-
ter of the femoral head and a line connecting the center of
the femoral head and the most anterior point of the acetab-
ular sourcil’. Values of <20° can be indicative of structural
instability.

Acetabular Version

With use of an anteroposterior view of the pelvis, all acetab-
ula can be labeled as retroverted or anteverted on the basis of
the presence or absence of a crossover or figure-of-eight sign.
An acetabulum is considered to be anteverted if the line of
the anterior aspect of the rim does not cross the line of the
posterior aspect of the rim before reaching the lateral aspect
of the sourcil, and retroverted if the line of the anterior as-
pect of the rim does cross the line of the posterior aspect of | Fig.17-C
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Fig. 18

The technique for calculating the alpha angle on a frog-leg lateral radio-
graph. A line is drawn connecting the center of the femoral head and
the center of the femoral neck. A second line is drawn from the center
of the femoral head to the point on the anterolateral head-neck junction
where the radius of the femoral head begins to increase beyond the ra-
dius found more centrally in the acetabulum where the head is more

spherical (i.e., where a prominence starts). The intersection of these
two lines forms the alpha angle, and values of >42° are suggestive of
a head-neck offset deformity.

the rim before reaching the lateral edge of the sourcil (Figs.
13-A and 13-B). This can be a difficult determination to
make, and it requires careful assessment of the film quality,
as a large element of error may be introduced by (1) exces-
sive pelvic tilt or rotation® or (2) a lack of clarity of the ante-
rior and posterior acetabular margins. Detection of the
posterior aspect of the rim inferiorly at the transition to the
ischium can facilitate distinction between the anterior and
posterior margins. Prominent extension of the ischial spine
into the pelvis is an additional finding that is associated with
acetabular retroversion®. It should be noted that true acetab-
ular retroversion is associated with a deficient posterior wall
(the center of the femoral head is lateral to the posterior as-
pect of the hip), while anterior overcoverage refers to the hip
with a crossover sign but no posterior wall deficiency.

Head Sphericity
With use of an anteroposterior pelvic, a 45° or 90° Dunn, a
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frog-leg lateral, and/or a cross-table lateral view, the femoral
head can be classified as either spherical or aspherical (Figs.
14-A and 14-B). Although gross visual inspection may be
sufficient to make this determination, a Mose template’*
(concentric circles) can also be used as a reference. As a rudi-
mentary guideline, if the femoral epiphysis extends beyond
the margin of a reference circle by more than 2 mm, the fem-
oral head is considered aspherical. If the epiphysis of the
femoral head does not extend beyond the Mose template by
more than 2 mm, it can be considered spherical (Fig. 14-A).
It is imperative to assess femoral head sphericity on both the
anteroposterior and lateral radiographs because patients can
have a spherical femoral head on the anteroposterior pelvic
view but not on the lateral view (Figs. 15-A and 15-B). It is
also important to note that femoral head sphericity is dis-
tinct from head-neck offset, which refers to the contour of
the head-neck junction rather than the shape of the femoral
head.

Position of the Hip Center

With use of an anteroposterior pelvic view, the position of the
hip center can be evaluated. It can be classified as lateralized
or not lateralized on the basis of the position of the medial as-
pect of the femoral head relative to the ilioischial line. The
hip center is considered to be lateralized if the medial aspect

Anterior femoral he

Anterior
neck

Long axis of
femoral neck

Fig. 19

The technique for calculating the head-neck offset ratio. Three paral-
lel lines are drawn, with line 1 drawn through the center of the long

axis of the femoral neck, line 2 drawn through the anteriormost as-

pect of the femoral neck, and line 3 drawn through the anteriormost
aspect of the femoral head. The head-neck offset ratio is calculated

by measuring the distance between lines 2 and 3 and dividing by the

diameter of the femoral head?®. If the ratio is <0.17, a cam deformity
is likely present.
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Fig. 20-A

Fig. 20-B

Figs. 20-A and 20-B Radiographs demonstrating a congruent (Fig. 20-A), a mildly incongruent (Fig. 20-B), and an incongruent (Fig. 20-C) joint.
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Fig. 20-C

of the femoral head is >10 mm from the ilioischial line, and
not lateralized if the medial aspect of the femoral head is 10
mm or less from the ilioischial line (Figs. 16-A and 16-B).
The distance of 10 mm should be considered a general refer-
ence number as opposed to a strict parameter, as magnifica-
tion errors and variability in patient size can influence this
measurement.

Head-Neck Offset and Head-Neck Junction
With use of an anteroposterior pelvic, a 45° or 90° Dunn,
a frog-leg lateral, and/or a cross-table lateral view, the an-
terior aspect of the femoral head-neck junction can be clas-
sified in relation to the posterior aspect of the femoral
head-neck junction on the basis of the gross appearance of
the radius of curvature at each location. If the anterior and
posterior concavities are grossly symmetric, the head-neck
junction can be defined as having a symmetric concavity
(Fig. 17-A). Conversely, if the concavity at the anterior as-
pect of the head-neck junction has a radius of curvature that
is greater than that at the posterior aspect of the head-neck
junction, the hip can be considered to have a moderate de-
crease in head-neck offset (Fig. 17-B). Lastly, if the anterior
aspect of the head-neck junction has a convexity, as opposed
to a concavity, the head-neck junction is considered to have a
prominence (Fig. 17-C).

Other useful quantitative measures of head-neck junc-
tion deformities include the alpha angle and the head-neck
offset ratio. Although classically described for use with axial

magnetic resonance imaging scans’, the alpha angle (Fig. 18)
can be extrapolated for use with lateral radiographs. It is cal-
culated by measuring the angle between two lines: (1) a line
from the center of the femoral head to the point on the ante-
rolateral aspect of the head-neck junction where the radius of
the femoral head first becomes greater than the radius of the
femoral head found more centrally in the acetabulum (i.e.,
where a prominence starts), and (2) a line drawn through the
center of the femoral neck, connecting to the center of the
femoral head. Values of >42° are suggestive of a head-neck oft-
set deformity.

The head-neck offset ratio (Fig. 19) can also be obtained
from lateral radiographs. It is determined by three lines: (1) a
line through the center of the long axis of the femoral neck,
(2) a line parallel to line 1 through the anteriormost aspect of
the femoral neck, and (3) a line parallel to line 2 through the
anteriormost aspect of the femoral head. The head-neck offset
ratio is calculated by measuring the distance between lines 2
and 3, and dividing by the diameter of the femoral head’. If
the ratio is <0.17, a cam deformity is likely present.

Congruency

By making use of all of the radiographic views (but focusing
on the anteroposterior pelvic view), each hip can be classified
as congruous or incongruous on the basis of a subjective as-
sessment of the degree of conformity between the femoral
head and the acetabulum. Yasunaga et al.” introduced a classi-
fication system in which congruency was graded into one of
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Fig. 21-A

Fig. 21-B

Figs. 21-A through 21-D These radiographs demonstrate the four
grades of osteoarthritis, as described in the Ténnis classification sys-
tem. Fig. 21-A Grade 0: no signs of osteoarthritis. Fig. 21-B Grade 1:
slight joint-space narrowing and mild sclerosis of the acetabulum.

four categories (excellent, good, fair, or poor). While there is
certainly a spectrum of deformity in this regard, for general
purposes, hips can be considered congruous if the roundness
of the head matches the roundness of the acetabulum, and in-
congruous if the two surfaces do not run in parallel (Figs. 20-
A, 20-B, and 20-C). Unlike the other views, the false-profile
view can be useful in determining the degree of posterior joint
congruity.

A SYSTEMATIC APPROACH TO THE PLAIN RADIOGRAPHIC
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Tonnis Grade

By making use of all radiographs available, the degree of os-
teoarthritis present in each hip can be determined with use of
the Tonnis classification system™ (Figs. 21-A through 21-D).
As defined by Ténnis, grades of osteoarthritis range from 0 to
3, with Grade 0 indicating no signs of osteoarthritis; Grade 1,
increased sclerosis of the head and acetabulum, slight joint-
space narrowing, and slight lipping at the joint margins;
Grade 2, small cysts in the head or acetabulum, moderate
joint-space narrowing, and moderate loss of sphericity of the
head; and Grade 3, large cysts in the head or acetabulum,
joint-space obliteration or severe joint-space narrowing, se-
vere deformity of the femoral head, or evidence of necrosis.

Fig. 21-C

Fig. 21-D

Fig. 21-C Grade 2: moderate joint-space narrowing, small cysts in the
acetabulum, and mild loss of head sphericity. Fig. 21-D Grade 3: se-
vere joint-space narrowing with large acetabular or femoral head cysts
or more advanced asphericity of the femoral head.
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While commonly most views will correlate, the final
grade is determined on the basis of the single view with the
highest overall degree of osteoarthritic change.

Discussion
We have outlined a systematic approach to radiographic
evaluation for the adult patient who has clinical signs
and symptoms of hip dysfunction. It is our opinion that such
a structured review of plain radiographs should help to facil-
itate a more reliable diagnostic and surgical decision-making
process. However, it should be emphasized that an accurate
diagnosis can only be obtained by interpreting radiographic
findings in conjunction with a detailed history and physical
examination. Advanced imaging studies, such as a magnetic
resonance arthrogram and/or a computed tomography scan,
can also be helpful to confirm a suspected diagnosis, identify
mild impingement abnormalities, or act as a supplement in
the treatment planning process. Nevertheless, many patients
with prearthritic or early arthritic hip dysfunction have de-
velopmental dysplasia of the hip and/or femoroacetabular
impingement that is readily apparent on properly made ra-
diographs, making it important to be able to adequately and
reliably recognize the structural features of these disorders. m

A SYSTEMATIC APPROACH TO THE PLAIN RADIOGRAPHIC
EVALUATION OF THE YOUNG ADULT Hip

John C. Clohisy, MD

John C. Carlisle, MD

Perry L. Schoenecker, MD

Department of Orthopedic Surgery, Washington University

School of Medicine, 11300 West Pavilion, One Barnes-Jewish
Hospital Plaza, St. Louis, MO 63110. E-mail address for J.C. Clohisy:
jclohisy@wustl.edu

Paul E. Beaulé, MD
Division of Orthopedic Surgery, Adult Reconstruction Service, Ottawa
General Hospital, 501 Smyth Road, Ottawa, ON K1H 8L6, Canada

Young-Jo Kim, MD

Michael B. Millis, MD

Department of Orthopaedic Surgery, Children’s Hospital Boston, 300
Longwood Avenue, Boston, MA 02115

Robert T. Trousdale, MD
Rafael J. Sierra, MD

Department of Orthopedic Surgery, Mayo Clinic, 200 First Street S.W.,
Rochester, MN 55905

Michael Leunig, MD
Schulthess Clinic, University of Berne, Lengghalde 2, CH-8008 Zurich,
Switzerland

References

1. Clohisy JC, Keeney JA, Schoenecker PL. Preliminary assessment and treat-
ment guidelines for hip disorders in young adults. Clin Orthop Relat Res.
2005;441:168-79.

2. Millis MB, Kim YJ. Rationale of osteotomy and related procedures for hip pres-
ervation: a review. Clin Orthop Relat Res. 2002;405:108-21.

3. Peelle MW, Della Rocca GJ, Maloney WJ, Curry MC, Clohisy JC. Acetabular and
femoral radiographic abnormalities associated with labral tears. Clin Orthop Relat
Res. 2005;441:327-33.

4. Tannast M, Siebenrock KA, Anderson SE. Femoroacetabular impingement: ra-
diographic diagnosis—what the radiologist should know. AJR Am J Roentgenol.
2007;188:1540-52.

5. Wenger DE, Kendell KR, Miner MR, Trousdale RT. Acetabular labral tears rarely
occur in the absence of bony abnormalities. Clin Orthop Relat Res.
2004;426:145-50.

6. Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology influences the pattern of
damage to the acetabular cartilage: femoroacetabular impingement as a cause
of early osteoarthritis of the hip. J Bone Joint Surg Br. 2005;87:1012-8.

7. Ganz R, Parvizi J, Beck M, Leunig M, Nétzli H, Siebenrock KA. Femoroacetabu-
lar impingement: a cause for osteoarthritis of the hip. Clin Orthop Relat Res.
2003;417:112-20.

8. Lavigne M, Parvizi J, Beck M, Siebenrock KA, Ganz R, Leunig M. Anterior femo-
roacetabular impingement: part I. Techniques of joint preserving surgery. Clin Or-
thop Relat Res. 2004;418:61-6.

9. Murphy SB, Ganz R, Muller ME. The prognosis in untreated dysplasia of the
hip. A study of radiographic factors that predict the outcome. J Bone Joint Surg
Am. 1995;77:985-9.

10. Boniforti FG, Fujii G, Angliss RD, Benson MK. The reliability of measurements
of pelvic radiographs in infants. J Bone Joint Surg Br. 1997;79:570-5.

11. Broughton NS, Brougham DI, Cole WG, Menelaus MB. Reliability of radiologi-
cal measurements in the assessment of the child’s hip. J Bone Joint Surg Br.
1989;71:6-8.

12. Kay RM, Watts HG, Dorey FJ. Variability in the assessment of acetabular in-
dex. J Pediatr Orthop. 1997;17:170-3.

13. Nelitz M, Guenther KR Gunkel S, Puhl W. Reliability of radiological measure-
ments in the assessment of hip dysplasia in adults. Br J Radiol. 1999;72:
331-4.

14. Omeroglu H, Bigimoglu A, Agus H, Timer Y. Measurement of center-edge an-
gle in developmental dysplasia of the hip: a comparison of two methods in pa-
tients under 20 years of age. Skeletal Radiol. 2002;31:25-9.

15. Spatz DK, Reiger M, Klaumann M, Miller F, Stanton RR Lipton GE. Measure-
ment of acetabular index intraobserver and interobserver variation. J Pediatr Or-
thop. 1997;17:174-5.

16. Wiberg G. Studies on dysplastic acetabula and congenital subluxation of the
hip joint. With special reference to the complication of osteoarthritis. Acta Chir
Scand. 1939;83(Suppl 58):28-38.

17. Lequesne M, de Seze. [False profile of the pelvis. A new radiographic inci-
dence for the study of the hip. Its use in dysplasias and different coxopathies].
Rev Rhum Mal Osteoartic. 1961;28:643-52. French.

18. Heyman CH, Herndon CH. Legg-Perthes disease; a method for the mea-
surement of the roentgenographic result. J Bone Joint Surg Am.
1950;32:767-78.

19. Nétzli HR Wyss TF, Stoecklin CH, Schmid MR, Treiber K, Hodler J. The contour
of the femoral head-neck junction as a predictor for the risk of anterior impinge-
ment. J Bone Joint Surg Br. 2002;84:556-60.

20. Tonnis D. Congenital dysplasia and dislocation of the hip in children and
adults. Berlin: Springer; 1987.

21. Reynolds D, Lucas J, Klaue K. Retroversion of the acetabulum. A cause of hip
pain. J Bone Joint Surg Br. 1999;81:281-8.

22, Eijer H, Leunig M, Mahomed M, Ganz R. Cross-table lateral radiograph for
screening of anterior femoral head-neck offset in patients with femoroacetabular
impingement. Hip Int. 2001;11:37-41.

23. Jamali AA, Mladenov K, Meyer DC, Martinez A, Beck M, Ganz R, Leunig M. An-
teroposterior pelvic radiographs to assess acetabular retroversion: high validity of
the “cross-over-sign”. J Orthop Res. 2007;25:758-65.

24, Dunn DM. Anteversion of the neck of the femur; a method of measurement. J
Bone Joint Surg Br. 1952;34:181-6.

25. Meyer DC, Beck M, Ellis T, Ganz R, Leunig M. Comparison of six radiographic
projections to assess femoral head/neck asphericity. Clin Orthop Relat Res.
2006;445:181-5.

26. Clohisy JC, Nunley RM, Otto RJ, Schoenecker PL. The frog-leg lateral radio-
graph accurately visualized hip cam impingement abnormalities. Clin Orthop
Relat Res. 2007;462:115-21.



66

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 90-A - SUPPLEMENT 4 - 2008

27. Laage H, Barnett JC, Brady JM, Dulligan PJ Jr, Fett HC Jr, Gallagher TF,
Schneider BA. Horizontal lateral roentgenography of the hip in children; a prelimi-
nary report. J Bone Joint Surg Am. 1953;35:387-98.

28. Siebenrock KA, Kalbermatten DF, Ganz R. Effect of pelvic tilt on acetabular
retroversion: a study of pelves from cadavers. Clin Orthop Relat Res.
2003;407:241-8.

29. Tannast M, Zheng G, Anderegg C, Burckhardt K, Langlotz F, Ganz R, Sieben-
rock KA. Tilt and rotation correction of acetabular version on pelvic radiographs.
Clin Orthop Relat Res. 2005;438:182-90.

30. Kalberer F, Sierra RJ, Madan SS, Ganz R, Leunig M. Ischial spine projection

A SYSTEMATIC APPROACH TO THE PLAIN RADIOGRAPHIC
EVALUATION OF THE YOUNG ADULT Hip

into the pelvis: a new sign for acetabular retroversion. Clin Orthop Relat Res.
2008;466:677-83.

31. Mose K. Methods of measuring in Legg-Calvé-Perthes disease with special re-
gard to the prognosis. Clin Orthop Relat Res. 1980;150:103-9.

32. Weinstein SL. Legg-Calvé-Perthes disease. In: Morrissy RT, editor.
Lovell and Winter’s Pediatric Orthopaedics. 3rd ed. Philadelphia: Lippincott;
1990. p 867-8.

33. Yasunaga Y, Ikuta Y, Kanazawa T, Takahashi K, Hisatome T. The state of the
articular cartilage at the time of surgery as an indication for rotational acetabular
osteotomy. J Bone Joint Surg Br. 2001;83:1001-4.



